We present a study of galaxies showing mid-infrared variability in data taken in the deepest Spitzer/MIPS 24 µm surveys in the GOODS-South field. We divide the dataset in epochs and subepochs to study the long-term (months-years) and the short-term (days) variability. We use a χ 2 -statistics method to select AGN candidates with a probability 1% that the observed variability is due to statistical errors alone. We find 39 (1.7% of the parent sample) sources that show long-term variability and 55 (2.2% of the parent sample) showing short-term variability. That is, 0.03 sources × arcmin −2 for both, long-term and short-term variable sources. After removing the expected number of false positives inherent to the method, the estimated percentages are 1.0% and 1.4% of the parent sample for the long-term and short-term respectively. We compare our candidates with AGN selected in the X-ray and radio bands, and AGN candidates selected by their IR emission. Approximately, 50% of the MIPS 24 µm variable sources would be identified as AGN with these other methods. Therefore, MIPS 24 µm variability is a new method to identify AGN candidates, possibly dust obscured and low luminosity AGN, that might be missed by other methods. However, the contribution of the MIPS 24 µm variable identified AGN to the general AGN population is small ( 13%) in GOODS-South.
INTRODUCTION

Supermassive black holes (SMBH) (MSMBH >10
6 M ) are believed to exist in the center of all galaxies containing a significant bulge component (Kormendy & Richstone 1995) . Furthermore, the bulge properties, such as stellar mass and velocity dispersion, are correlated with the black hole mass (Magorrian et al. 1998; Marconi & Hunt 2003; Häring & Rix 2004) . From these relations one may deduce that the bulges of the galaxies and the supermassive black holes evolve together, probably mutually regulating each other, or at least, sharing formation and growing mechanisms (see Alexander & Hickox 2012 for a review).
In order to study the connection between galaxy and SMBH formation, we must study those galaxies where the SMBH is growing. This phenomenon is revealed in a variety of ways and it is generally referred to as active galactic nucleus or AGN. There are different methods to identify AGN. Conventionally, the most direct and used one has been optical spectroscopy (Baldwin, Phillips & Terlevich 1981; Veilleux & Osterbrock 1987) . AGN can be identified through the presence of broad lines (FWHM 1000 km s −1 , Type 1 AGN) or by narrow lines (FWHM 1000 km s −1 ) and line ratios in diagnostic diagrams such as [OIII]/Hβ vs [NII]/Hα (Type 2 AGN). Unfortunately, spectroscopy of a large number of objects is very expensive in terms of observing time, especially for faint sources in cosmological fields. Furthermore, AGN lines can be obscured and/or swamped by emission from the host galaxy (Moran, Filippenko & Chornock 2002) . AGN in cosmological fields are routinely identified by their X-ray emission (Alexander et al. 2003; Brandt & Hasinger 2005) , mid-infrared (IR) emission (Lacy et al. 2004; Stern et al. 2005 All these methods present their own biases. For example, only about 10% of the optically selected QSO are detected as radio sources (Smith & Wright 1980) , and in general there is little overlap between radio and IR/X-ray selected AGN (Hickox et al. 2009 ). Xray surveys may miss the most obscured AGN needed to fit the cosmic X-ray background (Gilli et al. 2007 ). The IR methods, on the other hand, are only complete for the most luminous AGN (e.g., Donley et al. 2012 ), but they are likely to select obscured AGN not detected in X-rays (Mateos et al. 2013 ).
Variability can also be used to select AGN. Practically all AGN vary on time-scales from hours to millions of years (Ulrich, Maraschi & Urry 1997; Hickox et al. 2014) . Any variability detected in galaxies on human time-scales must originate in the nuclear region, because the typical timescale for star formation variability is 100 Myr (Hickox et al. 2014 ). In particular low-luminosity AGN are expected to show stronger variability than the luminous ones (Trevese et al. 1994) . Therefore, variability is likely to be an effective method to select low-luminosity AGN. Although the mechanisms that produce variability are not well understood, the main explanations involve disk instabilities (Pereyra et al. 2006) or changes in the amount of accreting material (Hopkins & Beacom 2006) .
All these methods of AGN selection are complementary and each one can detect sources other methods miss. It is therefore important to study the same region of the sky with different methods of AGN selection.
In the last decade a number of studies have identified AGN in the Great Observatory Origins Deep Survey (GOODS; Giavalisco et al. 2004) fields. The GOODS fields are two fields of 150 arcmin 2 centered around of the Hubble Deep Field North (HDFN; Williams et al. 1996) and the Chandra Deep Field South (CDFS; Giacconi et al. 2001 ). The observations in the GOODS fields are amongst the deepest at all wavelengths, from X-rays to radio. In particular, these fields have observations from Spitzer, Hubble Space Telescope (HST), Chandra, Herschel, XMM-Newton and many ground-based facilities.
There are a number of variability studies in the GOODS fields, most of them using optical data. The first one was made by Sarajedini, Gilliland & Kasm (2003) using V-band data (λc = 550 nm) from HST in two epochs separated by five years. They found nuclear variability evidence in 16 of 217 galaxies (7% of the sample) with magnitudes down to 27.5. Cohen et al. (2006) conducted a similar study using the HST i-band (λc = 775 nm) data from the Hubble Ultra Deep Field (HUDF; Beckwith et al. 2006) . They determined that 1% of the sources (45 sources) presented significant variability. Klesman & Sarajedini (2007) conducted a study of five epoch V-band data in the GOODS South field. They selected a sample of 22 mid-IR power-law sources (using the criteria of Alonso-Herrero et al. 2006 ) and 102 X-ray sources and found that 26% of the sample were variable in the optical. Trevese et al. (2008) used ground-based data, also in the V-band and obtained 132 variable AGN candidates (2.6% of the sample). Villforth, Koekemoer & Grogin (2010) selected all the objects in the z-band (λc = 850 nm) catalog in the GOODS fields in five epochs. They found 139 variable AGN candidates (∼1.3% of the sample) in the North and South fields. Sarajedini et al. (2011) identified 85 variable galaxies (∼2% of the sample) in the North and South fields using five epochs V-band images from the Hubble Space Telescope Advanced Camera for Surveys.
X-ray variability of low luminosity X-ray sources has also been used to identify additional AGN in the CDFS. Paolillo et al. (2004) studied 346 sources and found that 45% of the sources with more than 100 counts presented Xray variability. Young et al. (2012) found that 185 of 369 AGN and 20 of 92 galaxies (i.e., low-luminosity AGN with L 0.5−8keV < 10 42 erg s −1 ) presented X-ray variability. Mooley et al. (2013) studied radio variability in the Extended-CDFS. They found that 1.2% of the point sources presented radio variability associated with the central regions of AGN or star-forming galaxies.
The aim of this paper is to identify AGN through mid-IR variability in the GOODS-South field using 24 µm observations taken with the Multiband Imaging Photometer for Spitzer (MIPS, Rieke et al. 2004 ) on board the Spitzer Space Telescope (Werner et al. 2004) . The near and mid-IR nuclear emission of AGN, once the stellar component is subtracted, is believed to be due to hot and warm dust (200 − 2000 K) in the dusty torus of the AGN, according to the Unified Model (Antonucci 1993) . In this context, variability in the accretion disk emission would cause delayed variability in the near and mid-IR as the hot and warm dust, respectively, in the torus react to this change (see Hönig & Kishimoto 2011 and references therein) .
Our choice of using mid-IR variability allows a novel way to select low luminosity and possibly obscured AGN that might be otherwise missed by other techniques. Apart from this work, there is only other IR variability study in the Boötes cosmological field using IRAC data (Kozlowski et al. 2010) . They used the most sensitive IRAC bands at 3.6 and 4.5 µm and found that 1.1% of the sources satisfied their variability criteria.
The paper is organized as follows: in Section 2 we present the MIR data used to detect variable sources. In Section 3 we explain the procedures followed to get photometry of the data. In Section 4 we present the statistical method used to select the variable candidates. In Section 5 we present the general properties of these candidates, as well as their IRAC properties. In Section 6 we present the candidates in the Extended Chandra Deep Field South (E-CDFS), their properties, and a cross-correlation with other AGN catalogs in the same field. The discussion and conclusions are given in Section 7. Throughout this work we use a cosmology with H0 = 70 km s −1 Mpc −1 , Ωm = 0.3 and ΩΛ = 0.7.
THE DATA
We compiled all the data taken around the GOODS South field with the MIPS instrument at 24 µm by querying the We divided these data sets into 7 different epochs in order to detect variable sources (see Figure 1) . Epochs 5 and 7, which have the longest durations, can also be divided into subepochs to detect short term variability in time scales of days and even of hours. In Table 1 we list the main information about the epochs. Each epoch has both a different field of view (FoV) and a different depth. As can be seen from Table 1 , Epoch 2 has the longest exposure time per Basic Calibrated Data (BCD), resulting in the deepest MIPS 24 µm exposure in our data sets (see below).
For this study we decided to exclude Epochs 2, 4, and 5 because their FoV is small when compared to the other epochs (see Table 1 ). Figure 2 shows the FoV of Epochs 1, 3, 6, and 7 and how they overlap. The common area for the four epochs is ∼1360 arcmin 2 . They probe time scales of months up to three years, and henceforth are used to study the long-term variability covering a period of over three years. We also subdivided Epoch 7 in three epochs, namely Epochs 7a, 7b, and 7c to study the short-term variability. The short-term variability epochs have a common area of ∼1960 arcmin 2 and probe time scales of days, covering a period of 7 days.
MIPS 24 µM PHOTOMETRY
To study the temporal variability of MIPS 24 µm sources detected in the common regions we built a source catalog for each epoch and subepoch. We used SExtractor (SourceExtractor, Bertin & Arnouts 1996) to detect sources and the Image Reduction and Analysis Facility (IRAF) 3 to perform the photometry following the procedure explained in Figure 2 . FoV of Epochs 1, 3, 6, and 7, and their overlap region. These four epochs are used to study the long-term variability. Epoch 7 is subdivided in three epochs to study the short-term variability. The filled dots indicate the MIPS 24 µm sources detected in epoch 7. This epoch is deeper in the center region.
Pérez González et al. ( , 2008 . Sources were detected in five passes to recover the faintest ones, possibly hidden (i.e., more difficult to detect) by brighter sources. All the measurements were made by PSF fitting. To obtain the photometry, we used a circular aperture of radius ∼12 and then applied an aperture correction of 17% as in to obtain the total flux. We calculated the uncertainties in the flux taking into account the correlation of the pixel-to-pixel noise introduced by the reduction method and mosaic construction, as described in appendix A.3 of Pérez-González et al. (2008) . We obtained a 24 µm source catalog for each epoch. In this work we restrict the analysis to sources above the 5σ detection limit in the shallowest data in the mosaics. This corresponds to MIPS 24 µm fluxes of 80 µJy and 100 µJy for the long-term and the short-term epochs, respectively. We also discarded sources with neighbours at distances of less than 10 to minimize crowding effects in the photometry that could affect the flux measurements and produce false variability positives. In Table  2 we list for each epoch the total number of detections, the number of > 5σ detections, the number of > 5σ detections without neighbours, the area covered, and the density of objects. The positional accuracy of our catalogs is better than 0.7 .
To identify the common sources in all the epochs we cross-matched the catalogs using a 2 radius, imposing additionally that the 2 criterion was fulfilled in each pair of epochs. Due to this criterion, we missed 316 sources crossmatching Epochs 1, 3, 6, and 7 and 282 sources crossmatching Epochs 7a, 7b, and 7c. For the long-term variability (Epochs 1, 3, 6, and 7) there are 2277 sources (1.67 objects × arcmin −2 ) in common with 24 µm flux >80 µJy (5σ detection) without neighbours within 10 and satisfying the 2 criterion. For the short-term variability (Epochs 7a, 7b, and 7c) there are 2452 sources (1.25 objects × arcmin −2 ) in common with 24 µm flux >100 µJy (5σ detection) without neighbours within 10 and satisfying the 2 criterion. Our final catalogs contain 2277 MIPS 24 µm sources detected in Epochs 1, 3, 6, and 7 and 2452 MIPS 24 µ sources in Epochs 7a, 7b, and 7c, covering an area of 1360 and 1960 arcmin 2 , respectively.
SELECTION OF MIPS 2µM VARIABLE SOURCES
In this section we describe the method used to select the 24 µm variable sources. To do so we used a χ 2 -statistics method to account for the variations of intrinsic flux uncertainties of each epoch (related to differences in depth). This is the case for our study as different epochs have different depths and within a given mosaic there are some variations in depth. The latter effect is most prominent in epoch 7, which is deeper in the center.
This method associates each flux with its error. The χ 2 -statistics is defined as follows:
where n is the number of epochs, Fi is the flux in a given epoch, σi is the associated error in the i th epoch, andF is the mean flux.
As errors are essential in this method, we checked them for each epoch. Errors in the parent photometric catalog could be affected by correlation of the noise due to the reduction method. We compared our estimated errors with the uncertainties resulting from the scatter of points with the fluxes estimated in images from different epochs (see Figure A1 and Appendix A). As fluxes in different epochs are measured independently, the scatter must account for the real uncertainties of the measured fluxes. The scatter in this plot is entirely consistent with the photometric errors estimated in Section 3. We refer the reader to Appendix A for more details.
We calculated the χ 2 value for each source without neighbours. We selected as variable candidates those sources above the 99 th percentile of the χ 2 distribution expected from photometric errors alone. That is, only 1% of nonvariable sources satisfy the selection criteria. This value corresponds to χ 2 11.34 for the 4 epochs sample (3 degrees of freedom) and χ 2 9.21 for the 3 epochs one (2 degrees of freedom). In Figure 3 we show the observed χ 2 distribution (filled histograms), the theoretical distribution (black line), and the threshold (red dashed line) for the four epochs (top panel) and three epochs (bottom panel). As can be seen from these figures, the calculated values of χ 2 follow well the expected theoretical distribution for gaussian photometric errors, indicating that our estimates of the flux uncertainties are accurate (see Appendix B for more details). Every object with a χ 2 value higher than the threshold was visually inspected to remove artefacts. We also discarded objects that fell close to the edge of the mosaic. We also compared the candidates with the supernova (SN) catalog of Strolger et al. (2004) and found that none of our candidates was in the SN catalog. The original number of selected variable sources before the removal of artefacts/objects close to the edge of mosaics was 52 and 64 for long-term and short-term variable sources. In the insets of Figure 3 the red histogram shows the distribution for the final candidates. After discarding problematic objects, our final sample contains 39 MIPS 24 µm long-term variable sources (0.03 sources × arcmin −2 ) and 55 MIPS 24 µm short-term variable sources (0.03 sources × arcmin −2 ). Only two sources are identified as having both, long and short-term variability. The spatial distribution of the MIPS 24 µm variable sources in the GOODS-South field is shown in Figure 4 .
The χ 2 cut means that we would expect that 1% of the parent samples of MIPS 24 µm sources would be incorrectly identified as variable (i.e., false positives). The expected numbers of false positives are then 23 and 25 sources for long and short-term variable sources. Taking the original number of selected variable sources before the removal into account we expect that the fraction of false positives in our final sample of variable sources would be ∼44% for long-term and ∼39% for short-term. We detect many more variable source candidates than expected by random errors, so our selection is statistically meaningful.
The selected MIPS 24 µm long-term and short-term variable sources represent 1.7 and 2.2% of the original parent samples, respectively. After removing the expected number of false positives, the estimated percentages are 1.0% and 1.4%. These fractions of variable sources at 24 µm are similar to those found in the same cosmological field at other wavelengths, mostly optical and near IR (e.g. Cohen et al. 2006; Villforth et al. 2010; Sarajedini et al. 2011; Kozlowski et al. 2010) . The higher fraction of short-term variable sources is due to the presence of a deeper region in Subepochs 7a, 7b, and 7c (shown as the area enclosed by the solid line in Figure 4) . This means that the photometric errors of sources in this region are smaller and then if variable, they present higher values of χ 2 than sources in shallower areas. We note that the presence of intense (obscured) starformation in the host galaxy would impair the detection of AGN variability at 24 µm, so only sources with the highest variability might be detected. We refer the reader to Sections 6.1 and 6.3 for further discussion on this issue.
In Appendix C we show an example of the MIPS 24 µm images of four variable sources, two long-term and two shortterm, in each of the epochs of our study. In Tables D1 and E1 in the Appendices we list the flux and corresponding error at each epoch, median flux, and χ 2 value, for the long-term and short-term MIPS 24 µm variable sources, respectively.
PROPERTIES OF THE MIPS 24 µM VARIABLE SOURCES
In this section we analyze the different properties of the 24 µm variable sources, such as their median 24 µm fluxes, variability properties, and their IRAC colours.
MIPS 24 µm properties
In Figure 5 we show the distribution of the mean flux (over the 3 or 4 different epochs) at 24 µm for the long-term variable sources (top panel) and short-term variable sources (bottom panel) compared with the corresponding flux distribution of the parent sample for > 5σ detections. In both cases, the 24 µm fluxes of the variable sources are dominated by sources with mean fluxes below 300 µJy. The median 24 µm flux is 168 µJy for the long-term variable sources and 209 µJy for the short-term variable sources (see Table 3 ). This slight difference in the median values of the 24 µm fluxes for long and short-term variability is likely reflecting the different depths (i.e., 5σ detection limits) of the epochs rather than different intrinsic properties of the sources (see Section 6). We cross-correlated our parent MIPS 24 µm catalogs with the Xue et al. (2011) deep X-ray catalog of AGN and galaxies using a search radius of 2.5 (see Section 6.2). There are 211 X-ray sources that are not stars in Xue et al. (2011) catalog detected in 24 µm satisfying our criteria, that is, they have 24 µm fluxes over our 5σ limit and have no neighbours within 10 . Of the 211 sources, 149 are classified as AGN in the Xue et al. (2011) catalog. These X-ray selected AGN in our parent catalogs have a 24 µm median flux of ∼240 µJy. This implies that our selected 24 µm variable sources are typically fainter at 24 µm than X-ray selected AGN. Since the redshift distributions are similar (see Section 6.1), Figure 4 . Location of the MIPS 24 µm long-term variable sources (red large triangles) and the short-term variable sources (green large circles) in GOODS-South. The black dashed line encloses the E-CDFS (see Section 5 for more details). The small blue triangles and the small cyan circles are all the MIPS 24 µm common sources to Epochs 1, 3, 6, and 7 and to Epochs 7a, 7b, and 7c, respectively. The solid line encloses the deepest region in Epochs 7a, 7b, and 7c.
this may indicate that the 24 µm variable sources, if they were AGN, are less luminous, as predicted by Trevese et al. (1994) .
Variability Properties
In Figure 6 we show two example light curves, one of longterm and the other of short-term variable sources. Each plot shows the name of the source, the χ 2 value and the measure of the variability V ar (see below, Equation 2). The light curves for all the long and short-term 24 µm variable sources are presented in Appendices F and G, respectively.
As a first measure of the variability, we calculated the maximum to minimum flux ratio, Rmax, as: Rmax = fmax/fmin. The long-term and short-term variable sources show similar values of the average and median Rmax of approximately 1.5 − 1.6 (see Table 3 and Figure 7 ).
Another estimate of the variability is the ratio between the maximum and minimum values and the mean fluxf measured as a %. 
As can be seen from Table 3 , the typical 24 µm V ar values of the long-term and short-term variable sources are 37-43%, with typical errors of 12-13%. In Figure 8 we show V ar against the mean 24 µm flux for each candidate (lower panel) with the typical errors (upper panel). The apparent lack of small values of V ar at low 24 µm mean fluxes is because these sources have lower S/N detections and therefore higher errors in their photometry, and for the same variability they do not meet our χ 2 criterion. There is also a lack of large values of V ar at high 24 µm mean fluxes. It is due to a statistical effect because the number of sources at high 24 µm mean fluxes is small, and the fraction of variable sources with low values of V ar is higher than the fraction with large values of V ar.
Finally, the reduced value of χ 2 , which is defined as χ 2 /n with n being the number of epochs, has also been used as a measure of the 10 µm variability of local quasars by Neugebauer & Matthews (1999) . For the long and shortterm variable sources we find median χ 2 /n values of 3.2 and 3.7, respectively. These are slightly higher than the values measured for local quasars at 10 µm. We note, however that our variability criterion in both cases is more restrictive than that used for the local quasars (χ 2 /n > 1.5). It is not straightforward to compare our measures of the MIPS 24 µm variability in GOODS-South with studies done in the optical. The optical studies (e.g., Sarajedini et al. 2011; Villforth et al. 2010 ) used the variability significance and the variability strength as a measure of the variability. These parameters are defined in a different way than our V ar and it is not appropriate to calculate them for our sources because they assume equal errors for all the sources, which is not the case for our epochs as shown in Section 2.
We can compare the MIPS 24 µm Rmax values with those measured in X-rays. Young et al. (2012) detected Xray variable sources with maximum-to-minimum flux ratios Rmax = 1.5 − 9.3 with a median value of 4.1 over a period of 10.8 years. These values are noticeably higher than those measured at 24 µm both in short-term and long-term time scales. There are two explanations for this. First, as pointed out by Young et al. (2012) , the limited photon statistics of their X-ray observations means that sources must be strongly variable to be identified as such. The second reason is due to the reprocessed nature of the AGN mid-IR emission. Indeed, in the context of the AGN dusty torus, the IR variability of AGN is predicted to be only a fraction of the AGN intrinsic luminosity variation, to depend of the dust distribution, to be delayed with respect to optical variations, and to depend on the IR wavelength used (see Hönig & Kishimoto 2011 and references therein) . This is because the dust is further away from the central engine than the accretion disk. This has been confirmed observationally for local quasars (Neugebauer & Matthews 1999 ) and Seyfert galaxies (Glass 2004 ).
IRAC colours
In this subsection we investigate the Spitzer-IRAC mid-IR (3.6, 4.5, 5.8, and 8.0 µm) properties of the MIPS 24 µm variable sources as the IRAC emission has also been used to select AGN candidates (e.g., Lacy et al. 2004; Stern et al. 2005; Alonso-Herrero et al. 2006; Donley et al. 2012; Lacy et al. 2013) . Lacy et al. (2004) defined a wedge in an IRAC colourcolour diagram to identify AGN via their IR emission, based on the locus of the diagram occupied by quasars. Donley et al. (2012) defined a more restrictive IRAC wegde based on the IR power-law criterion of Alonso-Herrero et al. (2006) and the typical errors of the IRAC photometry. This IR power-law wedge was specifically designed to avoid contamination from high-redshift star forming galaxies. To do so, Donley et al. applied a colour cut of log(S8.0/S4.5) > 0.15 to avoid high-redshift (z 2) star-forming galaxies. They also applied a vertical cut of log(S5.8/S3.6) > 0.08 to prevent contamination due to low-redshift star-forming galaxies and required that the IRAC SED of the source rises monotonically. Donley et al. (2012) showed that this power-law wedge selects the majority of luminous X-ray identified AGN and therefore it is highly reliable at the expense of losing the least luminous AGN.
Finally, we note that recently Lacy et al. (2013) put forward a new expanded AGN selection criteria with a broader wedge when compared to that of Lacy et al. (2004) and im- Observed χ 2 distributions (filled histograms) for all sources without neighbours within 10 . The top panel is the distribution for the four epochs used for the long-term variability, whereas the bottom is for the three epochs used for the short-term variability. The black line is the theoretical χ 2 distribution for 3 degrees of freedom and 2 degrees of freedom, respectively. The dashed red line marks the 99 th percentile for χ 2 due to random photometric errors alone. In the insets we zoom on the high χ 2 region. The red histograms show the χ 2 distribution for the final candidates after discarding problematic sources visually. Figure 5 . Distribution of the 24 µm mean flux. The empty histograms are the distribution of the mean flux at 24 µm for longterm variable sources (top panel) and short-term variable sources (bottom panel) for the full sample, whereas the filled histogram are for sources in the E-CDFS (see Section 6). The black lines are the median and the dashed lines the first and third quartiles for the variable sources. The grey histograms shows the scaled distributions of all the sources detected in the four epochs (top) and three epochs (bottom) without neighbours within 10 .
posed a 24 µm limit of >600 µJy. We do not use this new wedge as only 1 short-term 24 µm variable source is above this limit (see Figure 5) . To obtain the IRAC data for our sources, we used the Rainbow Cosmological Surveys Database, which con- . Distributions (open histograms) of the maximum to minimum flux ratio, Rmax, for the MIPS 24 µm long-term variable sources (top panel) and short-term variable sources (bottom panel). The black lines correspond to the median and the dashed lines to the quartiles of the distributions. In both panels the filled histograms are the distributions for variable sources in the E-CDFS tains multi-wavelength photometric data as well as spectroscopic information for sources in different cosmological fields, including GOODS-South (see . We cross-correlated the MIPS 24 µm catalogs with the Rainbow IRAC sources using a search radius of 2.5 . Of the 39 long-term variable sources, 26 (67%) have a single counterpart and the remaining 13 (33%) have more than one counterpart within a radius of 2.5 . Of the 55 short-term variable candidates, 44 (80%) have a single counterpart and the remaining 11 (20%) have more than one counterpart within a radius of 2.5 . A visual inspection of the images at different wavelengths allowed us to identify the counterpart of the majority of the variable sources 4 . For the rest we used the data from the nearest source. All the long-term × 100 as a function of the MIPS 24 µm mean flux for long-term variable sources (red filled triangles) and short-term variable sources (green filled circles). The black marked triangles/circles correspond to the variable sources in the E-CDFS. The top panel shows the average value of V ar with its error for three flux intervals (100 µJy<F<250 µJy, 250 µJy<F<400 µJy, F>400 µJy).
variable sources have fluxes in all four IRAC bands, whereas only 43 (78%) of 55 short-term variable candidates do. This is because the entire Epoch 7 region is not fully covered by the IRAC observations. The flux limits of the 24 µm variable sources are approximately 5 µJy at 3.6 µm, 4 µJy at 4.5 µm, 4 µJy at 5.8 µm, and 6 µJy at 8 µm. Lacy et al. (2004) wedge are similar to those found for variable optical sources in GOODS-South (see Villforth, Sarajedini, & Koekemoer 2012) . In an IRAC variability study Kozlowski et al. (2010) found a higher fraction (approximately 75%) of near-IR variable objects within an AGN wedge similar to that defined by Stern et al. (2005) . This is most likely due to the relatively shallow IRAC observations of their study.
It is also worth noting that the fraction of objects in the parent MIPS 24 µm population in GOODS-South that are in the Lacy et al. (2004) because the probability of detecting mid-IR variability of an AGN over the time scales probed and with three/four epochs is low. Additionally, it is likely that the AGN emission does not have a dominant contribution to the observed 24 µm emission.
CANDIDATES IN THE EXTENDED CHANDRA DEEP FIELD SOUTH
In this section we investigate the multi-wavelength properties of the MIPS 24 µm variable sources located in the Extended Chandra Deep Field South (E-CDFS), which is located in the central area covered by our study (see Figure  4) . This field covers an area 5 ∼1100 arcmin 2 . The E-CDFS was observed by COMBO-17 (Classifying Objects by Medium-Band Observations, a spectrophotometric 17-filter survey) survey (Wolf et al. 2004 ). The COMBO-17 object catalog contains, in addition to the 17 optical medium-band photometry, the broad-band RCOMBO−17 magnitude (λc = 658 nm) and photometric redshifts for 63501 objects. We chose the E-CDFS because it has been observed with the deepest multi-wavelength data. We note that although the COMBO-17 catalog gives a photometric redshift, for the objects without spectroscopic redshift we use the photometric redshifts provided by the Rainbow database because they are calculated using both optical and 5 The approximate location of this region compared to the region studied here can be seen from Figure 4 where we marked the MIPS 24 µm variable sources in the region of the E-CDFS IR data (see Pérez-González et al. 2008) . We only have spectroscopic redshifts for 8 long-term and 6 short-term variable objects.
For the cross-correlation we used again a search radius of 2.5 . All the objects within this radius are possible counterparts. Since now we are looking at the same area we find relatively similar numbers of long (28) and short term (33) variable sources, although still the number of short term variable sources is higher due to the deepest central area of Epoch 7. Of the 39 long-term variable candidates, 28 are in the E-CDFS and 27 have a detection in the COMBO-17 catalog. Only 19 (70%) have a single counterpart, whereas the remaining 8 (30%) have more than one counterpart within a radius of 2.5 . Of the 55 short-time variable candidates, 33 are in the E-CDFS and 28 are detected in the COMBO-17 catalog. Only 21 (75%) have a single counterpart and the other 7 (25%) have more than one counterpart in a radius of 2.5 . In the following discussion in the case of multiple counterparts we associate the MIPS 24 µm source to the nearest object in the COMBO-17 catalog.
The COMBO-17 R-band magnitudes of the 24 µm variable sources are given in Tables C1 and D1 in the Appendices. The median values are R-band= 22.6 mag and R-band= 22.3 mag for the long and short-term variable sources, respectively (see Table 4 ). These values are similar to those of X-ray selected non-broad line AGN in deep cosmological fields whose optical luminosities are dominated by the host galaxy (Bauer et al. 2004) . This is probably the case as well for the MIPS 24 µm variable sources as they are not dominated by the AGN (see next section).
We also searched for counterparts in the MUSYC (Multiwavelength Survey by Yale-Chile) catalog (Cardamone et al. 2010) . See also Section 6.1. This catalog covers all the E-CDFS in the optical and near-IR. We used again a radius of 2.5 for the cross-correlation. We found 28 long-term variable sources detected in the MUSYC catalog, 23 (82%) of them with a single counterpart and 33 short-term variable sources, 31 (94%) with a single counterpart.
As a sanity check, we compared the variable MIPS 24 µm sources in the E-CDFS with the full variable catalog. We confirmed that their properties in terms of mean 24 µm fluxes (see Figure 5 and Tables 3 and 4) and the variability measures Rmax and V ar (see Figures 7 and 8 ) behave as the general 24 µm variable population. We therefore expect that the properties of the 24 µm variable sources in the E-CDFS might be extrapolated to the entire variable population.
Photometric redshifts and IRAC properties
In this section we study the distribution of the Rainbow redshifts for the MIPS 24 µm variable sources in the E-CDFS. For the long-term variable sources the redshifts are between 0.18 and 1.88 and for the short-term variable source between 0.12 and 1.94. This redshifts are in accordance with the redshifts of the MUSYC catalog. The average (median) redshifts are similar for the long-term z = 0.94(0.90) and the short term z = 0.96(1.00) variable sources. The average (median) redshifts for the sources in the MUSYC catalog are z = 0.92(0.85) for the long-term and z = 0.98(0.97) for the short-term variable candidates. We are therefore probing typically variable emission at 12 µm rest-frame. For comparison, the redshift distribution of the optical variable sources 1 Median and quartiles of the distribution. in GOODS-South has a mean value 0.94 for i-band selected sources (Villforth et al. 2012 ) and 1.14 for v-band selected sources (Sarajedini et al. 2011) . For the X-ray selected AGN in our parent 24 µm catalogs the average (median) redshift is z = 1.08(0.78). Figure 9 shows with black open symbols the IRAC colours of the MIPS 24 µm variable sources, both long and short term. As with the variability properties, the variable sources located in the E-CDFS behave as the general variable population, with approximately 50% being in the Lacy et al. (2004) wedge, and a small fraction in the Donley et al. (2012) wedge. As discussed above, the Donley et al. (2012) criteria are more restrictive to avoid contamination from star forming galaxies at different redshifts entering the AGN selection wedge but it misses a large fraction of low-luminosity AGN. In consequence, only one of the MIPS 24 µm variable sources in the E-CDFS would be classified as IR power-law galaxies according to Donley et al. (2012) . Its ID is given in Table 5 .
We can now use the redshift information in the IRAC colour-colour diagram to investigate whether variable sources in the Lacy et al. (2004) wedge can be classified as AGN, since the IRAC colours have a strong dependence with redshift. As shown in Figure 10 , a large fraction of the MIPS 24 µm sources falling in the Lacy et al. (2004) wedge are at z > 1 (62% of the objects).
In Figure 10 we also plotted the tracks for an AGN/galaxy composite SED with a 20% AGN contribution (right panel) and no AGN contribution (left panel) with redshifts varying from 0 up to 2, and different degrees of extinction from Donley et al. (2012) . As can be seen from these figures, the colours of approximately half of the MIPS 24 µm variable sources inside the Lacy et al. (2004) wedge agree with having a relatively small AGN fraction and are not compatible with a zero AGN fraction for their redshifts. This is similar to what is found for optical variable AGN in cosmological fields, where the AGN component is expected to be ∼10% or less of the total galaxy flux in most cases (Sarajedini et al. 2011) . Those outside this wedge might be compatible with just being normal galaxies (although see Section 6.2).
X-ray properties
One of the main goals of this work is to investigate whether variability at 24 µm is able to select AGN otherwise missed by deep X-ray exposures.
Fraction of 24µm variable sources detected in X-rays
All the MIPS 24 µm variable sources, both long and short term, were matched against the deepest X-ray observations in the CDFS, that is, the 4 Ms Chandra catalog presented in Xue et al. (2011) , using again a search radius of 2.5 . These deep observations cover only the central part of the E-CDFS. The rest of the area is covered by shallower Xray observations that are part of the E-CDFS observations (see references listed in Table 5 ). We also cross-matched our variable sources with these shallower X-ray catalogs with a search radius of 2.5 . We find 7 (25%) and 4 (12%) of the MIPS 24 µm long-term and short-term variable sources respectively in the E-CDFS are detected in X-rays (see Table 5 for the ID of the sources). The lower fraction of X-ray detections among the short-term variable sources is because a large fraction of these are located outside the deepest 4 Ms X-ray region. These fractions of 24 µm variable sources detected in X-rays are in general smaller than for AGN candidates selected by optical variability (30-50%) (Trevese et al. 2008; Sarajedini et al. 2011; Villforth et al. 2012) .
In the central part of the E-CDFS (CDFS; ∼465 arcmin 2 ), which is covered by the deepest X-ray data (Xue et al. 2011 catalog) , 30% of the 24 µm variable sources are detected in X-rays. Using the catalogs of Xue et al. (2011) and Lehmer et al. (2005 Lehmer et al. ( , 2008 , and the redshifts provided by the Rainbow Database, we find that the 24 µm variable sources detected in X-rays have 0.5−8 keV luminosities ranging from ∼ 1 × 10 40 erg s −1 to ∼ 1 × 10 44 erg s −1 (See Table  5 ). Although some of our 24 µm variable sources with an Xray counterpart are low luminosity X-ray sources and would be below the limit X-ray luminosity for the AGN definition, this does not imply that these sources are not AGN. Young et al. (2012) studied sources classified as galaxies in X-rays and found the 22% of them presented variability in X-rays, confirming that variability selects AGN that might not be selected by other methods. There are also many optical variables that are not X-ray detected or that have low X-ray to optical flux ratios (see Fig 6 in Sarajedini et al. 2011 ).
Fraction of X-ray selected AGN found variable at 24µm
As explained in the introduction, all AGN are expected to vary over a large range of timescales. However, the probability of detecting AGN variability in the mid-IR is always lower than the optical and near-IR because mid-IR variability is predicted to be only a fraction of the AGN intrinsic luminosity variation. This is because the dust responsible for the bulk of the mid-IR emission is further away from the central engine than the accretion disk, and the variability signal is expected to be smoothed for large dust distribution (see Neugebauer & Matthews 1999; Glass 2004; Hönig & Kishimoto 2011 ). Before we compute the fraction of X-ray selected AGN found variable at 24 µm, we need to calculate the number of X-ray sources detected in 24 µm satisfying our criteria in the parent catalogs as explained in Section 5.1. We found 211 X-ray sources in the central part of the E-CDFS (classified as AGN and galaxies in the Xue et al. (2011) catalog) satisfying the properties of our parent MIPS 24 µm catalogs. Of these, only ∼4% are found to be variable at 24 µm on the timescales probed by our study. This fraction is smaller than the fraction found in the optical (∼25%, see Klesman & Sarajedini 2007; Sarajedini et al. 2011 ). This is explained by model simulations, which predict a more smothered variable signal and longer time scales in the mid-IR than in the optical (Hönig & Kishimoto 2011) . In addition, for low luminosity AGN most of the mid-IR emission might come from the host galaxy, which would make it difficult to detect variability (see Section 6.1).
There are 149 sources classified as AGN in the Xue et al. (2011) catalog in our parent 24 µm merged catalogs (see Section 5.1). If we assume that deep X-ray exposures provide the majority of the AGN in the field the total AGN population in this field would be 149 AGN. Assuming the 24 µm variable sources in the region covered by the Xue et al. (2011) catalog not detected in X-ray are also AGN, they would only account for a small fraction ( 13 %) of the total AGN population in this field.
Candidates in the deepest X-ray region of the E-CDFS
As explained in Section 6.2.1, only the central area of the E-CDFS is covered by the deepest X-ray data (Xue et al. 2011) .
Since the effective exposure of the Chandra 4 Ms survey is not homogeneous (see Fig. 2 of Xue et al. 2011 ), we selected a central region of ∼115 arcmin 2 with the deepest and most homogeneous X-ray coverage. In this region we can compare the sources in the parent catalog with the selected variable sources.
In this deepest X-ray region there are 189 sources in the parent 24 µm long-term catalog and 181 in the parent 24 µm short-term catalog. There are only 8 long-term variable sources and 5 short-term variable sources. Tables 6 and  7 summarize the results for the deepest X-ray region within the CDFS. As expected, the percentage of 24 µm variable sources with an X-ray detection (63% for long-term and 60% for short-term variable sources) is higher than the percentage in our parent 24 µm catalog sources detected in X-ray (48% for long-term and 55% for short-term variable sources). This is expected because the fraction of X-ray detection is higher in AGN than in not AGN. Since the number of variable sources in this region is small, the percentages given at Tables 6 and 7 suffer from small number statistics.
Monochromatic IR luminosities
From the Rainbow Database we obtained the rest-frame 24 µm monochromatic luminosities for the MIPS 24 µm variable sources. As the contribution of the AGN to the total luminosity in the 24 µm variable sources is expected to be low (See Section 6.1), the luminosities were obtained by fitting the star forming galaxy templates from Chary & Elbaz (2001) . Therefore, the fitted templates provide a reasonable approximation to the rest-frame 24 µm luminosities of the sources, which arise from star formation in the host galaxy and the putative AGN. For each source we used all the available photometric mid-to-far IR data points to fit the SEDs. Apart from the MIPS 24 µm flux, the Rainbow catalogs include photometry in the four IRAC bands, MIPS 70 µm and Herschel/PACS 100 and 160 µm. For our sample of 24 µm variable sources, 32% have 70 µm photometry, 23% have 100 µm photometry, and 18% have 160 µm photometry. Figure 11 shows these luminosities against the redshift for the long-term (red) and short-term (green) variable X-ray, compilation AGN, optical-variable, IR power-law (2), (3)*, (4), (5), (11), (13 X-ray, optical-variable, IR power-law (2), (3)*, (5), (11), (13) YES 1 1.41 × 10 42 7761 X-ray, Chandra 4 Ms, Radio excess (2), (6), (9) candidates in the E-CDFS. The mean value of rest-frame log(νL24µm/L ) is 10.5 for both, the long-term and the short-term variable sources. For those candidates satisfying the Lacy et al. (2004) AGN selection criteria the mean values are log(νL24µm/L ) = 10.7 for both, the long-term and the short-term variable candidates. Conversely, the candidates not satisfying the Lacy et al. (2004) criteria have mean values of log(νL24µm/L ) = 10.3 and 10.4 for the long-term and the short-term variable candidates, respectively. This is expected as galaxies in the Lacy et al. (2004) wedge tend to have a higher AGN fraction contributing to their IR emission than those outside (see previous section).
Radio properties
We investigate the radio properties of the MIPS 24 µm variable sources, since radio observations are in principle not biased against obscured AGN. Since star-forming galaxies also emit at radio frequencies and show a tight correlation between the IR and the radio emission (e.g. Helou, Soifer & Rowan-Robinson 1985; Condon 1992; Ivison et al. 2010) , it is also possible to select AGN in cosmological fields by looking for radio excess sources (see e.g. Donley et al. 2005; Del Moro et al. 2013) . We cross-correlated our 24 µm variable sources with the Miller et al. (2013) radio 1.4 GHz source catalog and found that 2 long-term and 7 (one of which is outside the E-CDFS) short-term variable sources had a radio counterpart within a search radius of 2.5 . That is, 7% and 18% of the MIPS 24 µm long and short term variable sources. We calculated the q ratio defined as q = log(f24 µm/f1.4 GHz) (see Appleton et al. 2004 ) to determine if any of these sources present a radio excess. Figure 12 shows q versus the redshift for the 14 MIPS 24 µm variable sources with radio detections at 1.4 GHz. Donley et al. (2005) considered radio excess sources those having q<0 for non-K-corrected fluxes. On the other hand, (5) 4 (10) 3 (8) 10 (26) 17 (44) 22 (56) Short-term variable sources Deepest X-ray region 5 3 (60) 1 (20) 2 (40) 0 (0) 3 (60) 2 (40) 4 (80) In the E-CDFS 33 4 (12) 1 (3) 3 (9) 0 (0) 5 (15) 14 (42) 17 (52) Outside the E-CDFS 22 1 (5) 1 (5) 1 (5) 1 (5) 2 (9) 5 (23) 5 (23) In IRAC 43 5 (12) 2 (5) 4 (9) 1 (2) 7 (16) 19 (44) 22 (51) All 55 5 (9) 2 (4) 4 (7) 1 (2) 7 (13) 19 (35) 22 (40) Figure 11. Rest-frame monochromatic 24 µm luminosity as a function of the redshift for the sources in the E-CDFS for longterm (red) and short-term (green) variable sources. The stars correspond to the variable sources satisfying the Lacy et al. (2004) AGN selection criteria
Del Moro et al. (2013) demonstrated that this limit misses a large fraction of sources with radio excesses based on the ratio between the far-IR luminosity and the radio emission. From Figure 5 of Del Moro et al. (2013) , we can see that sources with q < 0.4 can be considered radio excess sources, and therefore AGN candidates. Among the MIPS 24 µm variable sources we find only 2 (7%) long-term and 2 (one of them out of the E-CDFS) (3%) short-term variable sources are radio excess sources, all of them at z > 1.1. Note that Figure 12 . The q = log(f 24 µm /f 1.4 GHz ) ratio versus the redshift for long-term variable sources (red triangles) and short-term variable sources (green circles). Sources with q < 0.4 are considered to have a radio excess, as shown by Del Moro et al. (2013) . Note we include a source out of the E-CDFS.
we include the short-term source just above the line (see Figure 12 ). For reference, their IDs are given in Table 5 . These small fractions of radio excess sources, if taken as AGN candidates among the MIPS 24 µm variable sources is generally consistent with the little overlap between radio selected AGN and AGN selected via their X-ray and/or IR emission in cosmological fields ( 
Comparison with other variability studies
Finally, we cross-correlated our 24 µm variable sources with sources found to be variable in other studies in the E-CDFS, using a search radius of 2.5 . We found two long term and two short term variable sources at 24 µm in common with the optical variability studies of Trevese et al. (2008) and Villforth et al. (2010) , and none with those of Cohen et al. (2006) , Klesman & Sarajedini (2007) , and Sarajedini et al. (2011) . Three of these four sources are also detected in Xrays, as can be seen from Table 5 . The low correspondence between optical and mid-IR variable sources is expected given the lags and lower variation of amplitude observed and predicted in the mid-IR for local AGN when compared with those observed in the optical (Neugebauer & Matthews 1999; Glass 2004; Hönig & Kishimoto 2011) .
DISCUSSION AND SUMMARY
In this work we have used multi-epoch deep Spitzer/MIPS 24 µm observations in GOODS-South to look for mid-IR variable sources. The goal was to identify low luminosity and possibly obscured AGN candidates not identified by other methods. To select variable sources we used a χ 2 -statistics method to take into account the different photometric errors due to the different depths between epochs and varying depth within a given mosaic. By combining 24 µm data taken over three years and four epochs we studied long-term variability over time scales of months-years. Additionally we subdivided the longest duration epoch in three subepochs that allowed us to study the short-term variability in time scales of days over a period of seven days. In each epoch and subepoch, we restricted the analysis to sources above the 5σ detection limit and without neighbours at distances of less than 10 to minimize crowding effects in the photometry. We used a 2 cross-matching radius, imposing additionally that the 2 criterion was fulfilled in each pair of epochs.
After discarding problematic sources, our sample contains 39 long-term and 55 short-term mid-IR variabilityselected AGN candidates over the GOODS-South areas of 1360 arcmin 2 and 1960 arcmin 2 , respectively, covered by the different epochs. The expected fraction of false positives in our sample of variable mid-IR sources is estimated to be about 40%. The mid-IR long and short-term variable sources comprise approximately 1.7% and 2.2% of the parent MIPS 24 µm samples, respectively. After removing the expected number of false positives the estimated percentages are 1.0% and 1.4%. These fractions of variable sources are typical of optical and near-IR variability studies in cosmological fields. The typical variability at 24 µm of the sources is 40%, both for the long and short-term variable sources.
In Section 6 we studied the properties of these variability selected AGN candidates restricting the region to the E-CDFS, as it contains the deepest and largest multiwavelength coverage. We also made use of the Rainbow photometric redshifts that are calculated using optical and IR data for the objects without spectroscopic redshift. In the E-CDFS, we found 28 and 33 long and short term mid-IR variable sources, respectively, typically at z = 1 which implies our work is sensitive to variable emission at 12 µm rest-frame.
We cross-correlated our AGN candidates with other AGN catalogs including X-ray, radio, and variable catalogs in the E-CDFS. In the region with the best coverage by the deepest X-ray data, the Chandra 4 Ms catalog of Xue et al. (2011) (CDFS; ∼465 arcmin 2 ), 30% of the variable sources (both short and long term) are also detected in Xrays. However, their 0.5 − 8 keV luminosities are typically 2 × 10 42 erg s −1 , with a few sources with X-ray luminosities of ∼ 10 40 erg s −1 . In the Chandra 4 Ms catalog of Xue et al. (2011) there are 149 sources identified as AGN due to their X-ray luminosity in our parent MIPS 24 µm catalogs (i.e., after removing close neighbours and merging individual catalogs), see Section 5.1. If we assume that the 24 µm variable sources in the region covered by the Xue et al. (2011) catalog not detected in X-rays are AGN, they would only account for a small fraction ( 13%) of the total AGN population in this field.
As expected, the fraction of 24 µm variable sources with a radio excess (q = log(f24 µm/f1.4 GHz) < 0.4) is small, as is the case with variable sources identified in other wavelengths. Table 7 summarizes the results.
We also investigated the IRAC properties of the 24 µm variable sources. The fraction of mid-IR variable selected AGN candidates meeting the Donley et al. (2012) IR power law criteria for AGN is small. This is not surprising, as this method has been proven to be a very reliable method to select luminous AGN, although it is highly incomplete for low luminosity X-ray selected AGN. Combining the AGN selected by the IR power law criteria with the above Xray, radio, and variability criteria, we find that 29% and 15% of the long-term and short-term MIPS 24 µm variable sources would be also identified as AGN using other methods (see Table 7 ). The lower fraction for the short-term variable candidates is because a larger fraction of them lie in the area with the shallowest X-ray coverage (that is, the E-CDFS, see Section 6.2).
In Table 7 we also included the number of MIPS 24 µm variable sources that fall in the Lacy et al. (2004) IRAC colour-colour wedge. Approximately 44% of the 24 µm variable selected AGN candidates are located in this wedge. However, using their redshifts we concluded that of these only half of them would have colours compatible with a small (∼ 20%) AGN contribution (see Section 6.1).
If we combined all these criteria together we would obtain an upper limit of ∼ 56% to the fraction of MIPS 24 µm variable sources that would be identified as AGN by other methods. For reference in Table 7 we also listed these AGN fractions for sources outside the E-CDFS. However, as noted before the multi-wavelength coverage and depth of the observations outside this region are not as good, so these fractions should be taken as lower limits.
As explained in Section 6.2, only the central area of the E-CDFS is covered by the deepest X-ray data (Xue et al. 2011) . We selected the region with the deepest and most homogeneous X-ray data (∼115 arcmin 2 ), which is also covered by other AGN variability studies (Cohen et al. 2006; Klesman & Sarajedini 2007; Trevese et al. 2008; Villforth et al. 2010; Sarajedini et al. 2011) . Combining all the criteria together, we obtained that ∼85% of the 24 µm variable sources in this region would be identified as AGN by other methods (see Table 7 ). The percentage in this region is higher than when considering the entire E-CDFS due to the deepest X-ray data and because other AGN catalogs do not cover all the E-CDFS. In this 115 arcmin 2 region we compared the parent catalog with the variable sources (see Table 6 ). As expected, in this region the fraction of 24 µm variable sources with an X-ray detection is higher (63% for long-term and 60% for short-term variable sources) than that of sources in the parent 24 µm catalog with X-ray detections (48% for long-term and 55% for short-term variable sources). Since the number of variable sources in this region is small, the percentages given at Tables 6 and 7 suffer from small number statistics.
In summary, we have shown that MIPS 24 µm variability provides a new method to identify AGN in cosmological fields. We find, however, that the 24 µm variable sources only account for a small fraction ( 13 %) of the general AGN population. This is expected because model simulations predict a more smothered variable signal and longer timescales in the mid-IR than in the optical (Hönig & Kishimoto 2011) . Moreover, we found that the AGN contribution to the mid-IR emission of these 24 µm variable sources is low (typically less than 20%). Since our method is only sensitive to high amplitude variability (see Section 4) then these 24 µm variable sources are likely to host low-luminosity AGN where the variability is expected to be stronger (Trevese et al. 1994 ).
APPENDIX A: PHOTOMETRIC ERRORS
As we explained in Section 4 errors are essential in the χ 2 method, and therefore we checked them in each epoch. For every source in each epoch, we calculated the ratio F epoch /F and ∆F epoch /F epoch , where F epoch is the flux in each epoch, F is the mean flux for the source from measurements in all epochs, and ∆F epoch is the error of the flux in each epoch. We separated the values in bins according to their mean flux value, so each bin contained 200 sources. For each bin we calculated the median of the Fi/F values and +1σ and -1σ (26 th and 84 th percentiles) so that between the median and σ+ there were the 34% of the data in the bin, and the same between the median and σ−. This is a measure of the scatter of the fluxes and should be consistent with the photometric errors. We also calculated the median of the ∆F epoch /F epoch for the sources of each bin. Figure A1 plots the scatter in fluxes as a function of the 24 µm median flux for Epoch 1, as an example. As can be seen from the figure, the median of the errors (blue line) is consistent with the dispersion of the fluxes (red line). This confirms the validity of the estimated photometric errors used to calculate the χ 2 value. For all the epochs and subepochs these figures are similar and the photometric errors are consistent with the dispersion of the fluxes. Figure B1 . KS-test for the long-term data. The dashed line is the theoretical χ 2 distribution for 3 degrees of freedom corresponding to long-term variability. The blue line is the CDF of the data and the red line is the scaled and truncated CDF in χ 2 =9 (vertical dotted line). The magenta symbols (right axis) represent the ratio between the theoretical distribution of χ 2 and the number of sources in the sample, in intervals of ∆χ 2 =1.
APPENDIX B: KOLMOGOROV-SMIRNOV TEST FOR χ 2 DISTRIBUTION
We performed a Kolmogorov-Smirnov test (hereafter KStest) in order to determine whether our observed distributions of χ 2 values differ significantly from the theoretical distribution based on the assumption of gaussian photometric errors. We did the test for the data used to study both the long-term and short-term variability at 24 µm. Figure B1 shows the cumulative distribution function, CDF, for the long-term data. As can be seen from the figure  (and confirmed by a KS test) , the theoretical χ 2 distribution for 3 degrees of freedom (dashed line) is incompatible with Figure B2 . KS-test for the short-term data. The symbols are the same as Figure B1 . In this case the dashed line corresponds to the theoretical χ 2 distribution for 2 degrees of freedom corresponding to short-term variability. The dotted line is the truncation of the CDF in χ 2 =4 the CDF of the data (blue line). This is because the tail of objects with high χ 2 is more populated than expected from the photometric errors alone. This is shown with the magenta symbols which are the ratio between the theoretical distribution of χ 2 and the number of sources in the sample, in intervals of ∆χ 2 =1. This ratio presents a small deficit of sources in the range χ 2 =1-2 and an increasing excess at higher χ 2 values. We truncated and rescaled the CDF at χ 2 =9 (red line). The rescaled CDF follows well the theoretical distribution for χ 2 < 9. There is a small depression around χ 2 =5, but it is not significant. The KS-test found no significant differences between the theoretical and the observed distributions below χ 2 < 9. Cutting the CDF in χ 2 =10 the differences start to be significant. This indicates there is an excess of χ 2 > 9 sources, which is evidence for variability. Figure B2 shows the CDF for the short-term data. The theoretical distribution corresponds to a χ 2 distribution with 2 degrees of freedom. The rescaled CDF follows well the theoretical distribution for χ 2 < 4. For higher values of χ 2 the difference between the theoretical and the observed distribution is significant, again indicating that our criterion is valid for selecting variable sources. Figure C4 . Same as Figure C1 for the short-term variable candidate ID:7921 Figure F1 . Light curves of MIPS 24 µm long-term variable candidates. Figure G1 . Light curves of MIPS 24 µm short-term variable candidates.
